General.
All reactions were carried out in the absence of light. Anhydrous solvents were freshly distilled under an argon atmosphere. Aldehydes were also distilled prior to use for the elaboration of the iminoesters [ 1 , 2 , 3 , 4 , 5 , 6 ] . Azlactones were prepared according to the previous procedures by other groups. Melting points were determined with a Reichert Thermovar hot plate apparatus and are uncorrected. Only the structurally most important peaks of the IR spectra (recorded on a Nicolet 510 P-FT and on a Jasco FTIR 4100) are listed. 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were obtained on a Bruker AC-300 using CDCl 3 as solvent and TMS as internal standard, unless otherwise stated. Optical rotations were measured on a Perkin Elmer 341 polarimeter. HPLC analyses were performed on a JASCO 2000-series equipped with a chiral column (detailed for each compound in the main text), using mixtures of n-hexane/isopropyl alcohol as mobile phase, at 25 °C. Lowresolution electron impact (EI) mass spectra were obtained at 70 eV on a Shimadzu QP-5000 and high-resolution mass spectra were obtained on a Finnigan VG Platform. HRMS (EI) were recorded on a Finnigan MAT 95S. Microanalyses were performed on a Perkin Elmer 2400 and a Carlo Erba EA1108. Analytical TLC was performed on Schleicher & Schuell F1400/LS silica gel plates and the spots were visualized under UV light (= 254 nm). For flash chromatography we employed Merck silica gel 60 (0.040-0.063 mm). Complexes were prepared according to the reported procedure (see text). All of the transformations performed with silver catalysts were performed in the absence of light. Microwave-assisted reactions were performed in a CEM Discover Sp reactor.
Computational methods.
Hybrid QM/MM calculations for optimizations of saddle points were performed in terms of ONIOM [7, 8, 9] method implemented in GAUSSIAN09 suite of programs [10] . Ball and stick model in Figures 6 and 7 shows atoms included in the high-level layer, and a wire model is used to represent atoms included in the low-level layer. In the high-level layer, the electron correlation was partially taken into account by using the hybrid functional B3LYP [11, 12, 13, 14, 15, 16] combined with Hay-Wadt small core effective potential (ECP) [17] basis set. UFF [18] molecular mechanics force field was employed in the low-level layer. Thermal corrections of Gibbs free energies were computed at the same level of theory and were not scaled. Single point energy calculations of the optimized geometries were computed with M06 functional, because it provides reliable calculations of dispersion energies, especially in highly branched systems [19, 20, 21] . All stationary points were characterized by harmonic analysis. Reactant intermediates and cycloadducts have positive definite Hessian matrices. Transition structures show only one negative eigenvalue in their diagonalized force constant matrices, and their associated eigenvectors were confirmed to correspond to the motion along the reaction coordinate under consideration. Natural Resonance Theory analyses (NRT) were computed by means of the NBO 5.0 program included in the Gaussian09 suite [22, 23, 24] .
1,3-Dipolar cycloaddition of azlactones 5 and 10 with maleimides or tert-butyl
acrylate. General procedure [25] . To a solution of the in situ prepared chiral gold complex [26, 27, 28] (0.05 mmol) in toluene (2 mL) was added, at room temperature, a solution of the azlactone (0.5 mmol) and the dipolarophile (0.55 mmol) in toluene (2 mL). Triethylamine (7L, 0.05 mmol) was added and the mixture stirred at the corresponding temperature for 1 d (see, Tables). Once the reaction was completed trimethylsilyl diazomethane (1 mL of 2 M solution in hexanes, 2 mmol) was added at 0 °C and the mixture was stirred at 25 °C for 30 min. The reaction was filtered off through a Celite pad and the organic filtrate was directly evaporated and the residue was purified by recrystallization or by flash chromatography yielding pure pyrrolines 7 or 11. Alternatively, instead of trimethylsilyl diazomethane, benzylamine (214 L, 2 mmol) was added and the mixture was stirred at 25 °C for 17 h. The reaction was filtered off through a Celite pad and the organic filtrate was directly evaporated and the residue was purified by recrystallization or by flash chromatography yielding pure compound 8aa.
(1R,3aS,6aR)-Methyl 4,6-dioxo-3,5-diphenyl-1,3a,4,5,6,6a-hexahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7aa) [5, 6] .
(1R,3aS,6aR)-Methyl 5-methyl-4,6-dioxo-3-phenyl-1,3a,4,5,6,6a-hexahydropyrrolo[3,4-c]pyrrole-1-carboxylate (7ab) [25] : Colourless oil; +39º (c 0.9, CH 2 Cl 2 , 60% ee HPLC); HPLC (Chiralpak AD-H; 1 mL/min; n-hexane/iPrOH, 80:20; λ = 220 nm) t Rmaj [25] : Colourless oil; 45º (c 1.1, CH 2 Cl 2 , 70% ee HPLC); HPLC (Chiralpak AD-H; 1 mL/min; n-hexane/iPrOH, 80:20; λ = 220 nm) t Rmaj 21º (c 0.7, CH 2 Cl 2 , 50% ee HPLC); HPLC (Chiralpak OD-H; 1 mL/min; n-hexane/iPrOH, 80:20; λ = 220 nm): t Rmaj [25] : Pale yellow oil; 17º (c 1.1, CH 2 Cl 2 , 98% ee HPLC); HPLC (Chiralpak AD-H; 1 mL/min; n-hexane/iPrOH, 70:30; λ = 220 nm): t Rmaj (1R,3aS,6aR)-N-benzyl-4,6-dioxo-3,5-diphenyl-1,3a,4 
Cycloaddition of NMM with 7aa. Synthesis of polycyclic structure 15.
A solution of 7aa (87 mg, 0.25 mmol) and AgTFA (3 mg, 0.012 mmol) in toluene (2 mL) was submitted to a microwave radiation (75 W) for 1h at 120 ºC. Solvent was evaporated and the crude residue was purified by flash chromatography yielding pale yellow prisms. Mp 
6.Cartesian coordinates
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